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DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION. CORPS OF ENGINEERS
424 TRAPELOC ROAD
WALTHAM. MASSACHUSETTS 02254

REPLY TO
ATTENTION OF:

NEDED , G an .
JUL 28 138)

Honorable William A. 0O“Neill

Governor of the State of Connecticut

State Capitol :
Hartford, Connecticut 06115

Dear Governor 0“Neill:

Inclosed is a copy of the Plymouth Reservoir Dam (CT-00286) Phase I
Inspection Report, prepared under the National Program for Inspection
of Non~Federal Dams. This report is based upon a visual inspection, a
review of the past performance and a brief hydrological study of the
dam. I approve the report and support the findings and recommendations
described in Section 7 and ask that you keep me informed of the actions
taken to implement them. This follow-up action is vitally important.

Copies of this report have been forwarded to the Department of Environ-—
mental Protection, and to the owner, Connecticut Water Company,
Clinton, CT. Copies will be available to the public in thirty days.

I wish to thank you and the Department of Environmental Protection for
your cooperation in this program.

Sincerely,

7 4 -

Incl C. E. EDGAR, III
As stated Colonel, Corps of Engineers -
Commander and Division Engineer

' .
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RO
IDENTIFICATION NO: Cro0D28e el o e e

NAME DF DAM Plymouth kHescrvoir Dam (a/k/a Thomaston Reccrvoir Dam;

Plvmouth
TOWN: l‘ o o SR I,

Litchfic¢ld County, Connecticut
COUNTY AND STATE:___~ A o

Tributary to the Naugatuck River
STREAM: - e [

April 28, 1981

DATE OF INSPECTION:

BRIEF ASSESSMENT

Plymouth Reservoir Dam, alsc known as the Thomaston Reservoir
Dam, consists of an earth embankment structure with a maximam heiont
of 25 feet and a total length of 730 feet including a 31.7 oot
long concrete and stone masonry overflow spillway located 200 feet
from the right end of the dam. The outlet works, located to the
left of the spillway, consist of a 12-inch supply main and 10-inch
low level outlet or blowoff through the dam, and an upstream aate-
house.

The dam is owned by the Connecticut Water Companvy and impounds

Plymouth Reservoir, a storage reservoir for public water supply. §

Based on the visual inspection, the dam is judged to be in
fair condition., Features that could affect the future integrity 1
of the dam are downstream seepage, the lack of riprap slope pro- 4
tection on the upstream slope above the waterline and settlement

of existing riprap, the unknown workinag condition of the intake

gates, and the downstream location of the control valve on the

low level outlet or blowoff. |

;
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The dam is classified as "Small" in size with a "High" haz-
ard potential. A Test Flood egual to one-half the Probable Maximum
Flood (l1/2 PMF) was selected in accordance with the Corps of Engi-

neers' Recommended Guidelines for Safety Inspection of Dams. The

Test Flood inflow of 600 cfs results in a Test Flood routed outflow
of 390 cfs that would just reach the top of the dam.

The spillway capacity is 410 cfs or 105 percent of the Test
Flood routed outflow.

It is recommended that a gualified, registered engineer be
retained to investigate the downstream seepage, the condition and
adequacy of the upstream riprap, the condition of the intake gates
and the low level outlet or blowoff. 1In addition, an Operations
and Maintenance Manual should be prepared and a downstream warning
system should be put into effect.

The owner should implement these recommendations as described
herein and in greater detail in Section 7 of this Report within

one year of receipt of this Phase I Inspection Report.

Ronald G. ¥itke, P.E. Roald Haestad
Project Engineer President
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This Phase I Inspection Report on Plymouth Reservoir Dam (CT-00286)
has been reviewed by the undersigned Review Board members. In ocur
opinion, the reported findings, conclusions, and recommendations are
‘ consistent with the Recommended Guidelines for Safety Inspection of
1 Dams, and with good engineering judgement and practice, and is hereby

submitted for approval.

Engineering Division

(srrin (Ao

ARAMAST MAHTESIAN, MEMBER
Geotechmical Engineering Branch
Engineering Division

! CARNEY M. TERZIAN, CHAIRMAN
! Design Branch
: Engineering Division

APPROVAL RECOMMENDED:

Q“/‘-%%Z&—

JOE B. FRYAR
Chief, Engineering Division
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This recport is prepared under guicdance contained in the

Recemmended Guidelines for Safety Inspection of Dams, for Phase 1
Investigationg. Copiles of these guidelines may be obtained frorm
the Office of Chief cf Engineers, Washington, D.C. 20314. The
purpose of a Phase I Investigation is to identifyv expeditiously
those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon
available data and visual inspections. Detailed investigation,

and analyses involving topographic mapping, subsurface investi-
gations, testing, and detailed computational evaluations are beyond
the scope of a Phase I Investigation; however, the investigaticn is
intended to identify any need for such studies.

In reviewing this report, it should be realized that the
reported condition of the dam is based on observations of field
conditions at the time of inspection along with data available to
the inspection team. In cases where the reservoir was lowered or
drained prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal load on the
structure and may obscure certain conditions which might otherwise
be detectable if inspected under the normal operating environment
of the structure.

It is important to note that the condition of a dam depends

on numerous and constantly changing internal and external conditions,

and is evolutionary in nature. It would be incorrect to assume that

the present condition of the dam will continue to represent the

- —— e




condition of the dam at some point in the future. Only throuoh

continued care and inspeciion can therce be any chance that uncafe }

conditions be detected.

Phase I Inspections are not intcended to provide detailed

© cee——

hvdrologic and hydraulic analyses. In accordance with the cstab-
lished Guidelines, the Spillway Test Flood is based on the cgtirated ,

"Probable Maximum Flood"” for the region (greatest recasonably possible

storm runoff), or fractions thereof. Because of the magnitude and
rarity of such a storm event, a finding that a spillway will not
pass the test flood should not be interpreted as necessarily
posing a highly inadequate condition. The test flood provides a
measure of relative spillway capacity and serves as an aide in

determining the need for more detailed hydrologic and hydraulic

studies, considering the size of the dam, its gecneral condition
and the downstream damage potential.

The Phase I Investigation does not include an assessment of
the need for fences, gates, no-trespassing signs, repairs to
existing fences and railings and other items which may be needed
to minimize trespass and provide greater security for the facility
and safety of the public. An evaluation of the project for com-

pliance with OSHA rules and regulations is also excluded.
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PLYMOUTH RESERVOIR LAv

ROJECT INFORMATION

SECTION 1

1.1 General
a. Authority
Public L.aw 92-367, August 8, 1972, authorizced the Sceorctary
of the Aarmy, through the Corpes of Engincers, to initiate a National
The Now

Froaram of Dam Inspection throughout the United States.

England Division of the Corps of Enginecrs has becen acasigned the

recvonsibility of supervising the inspection of dams within the

‘ncland Region.  Roald Haestad, Inc., has been rctained by the

P
»]
ool

New England Division to inspect and report on selected cdams in the
State of Connecticut. Authorization and notice to proceed were
icsued to Roald Haestad, Inc. under a letter of March 30, 1981,
from William E. Hodgson, Jr., Colonel, Corps of Engineers. Contract
No. DACW33-80-C-0048 has been assigned by the Corps of Engineers
for this work.

b. Purpose of Inspection

The purposes of the program are to:

1. Perform technical inspection and evaluation of non-
federal dams to identify conditions requiring correction
in a timely manner by non-federal interest.

2. Encourage and prepare the States to qguickly initiate

effective dam inspection programs for non-federal dams.

3. To update, verify and complete the National Inventory

of Dams.




1.2 Description of Project

a. Location
The dam is located in the Town of Plymouth opposite the
intersection of Blakeman Road with North Street. The dam is shown
on the Thomaston U.S.G.S. Quadrangle map having coordinates of
latitude N41°-41.1' and longitude W73°-03.2'.

b. Description of Dam and Appurtenances

The Plymouth Reservoir Dam, also known as the Thomaston
Reservoir Dam, is an earth embankment structure with a total length
of 730 feet, including a 31.7 foot long concrete and stone masonry
overflow spillway located 200 feet from the right end of the dam.
The outlet works are located to the left of the spillway. The earth
embankment has a top width of 15 feet, an upstream slope of 3 hori-
zontal to 1 vertical, and a downstream slope that varies from 3-1/4
horizontal to 1 vertical at the spillway to 5 horizontal to 1 verti-
cal near the left abutment of the dam. The upstream slope is pro-
tected by a layer of riprap. There are sand and gravel drainage
blankets on the downstream slopes which connect to 8-inch corrugated
metal toe drains that outlet into the spillway discharge channel.
Plans indicate that a cemented rubble masonry corewall extends
the entire length of the dam. According to the Plans the bottom
of the corewall is 5 feet below the original grade and the top
of the corewall is 1-1/2 feet below the top of the dam. In 1975
test borings were made and piezometers were installed.

The spillway consists of a concrete and stone masonry
structure. The lower portion of the spillway is constructed of

stepped stone masonry, while the upper 5 feet consists of a concrete




cverflcew woeir. I 19?77, aabions were Dlaced aaainst Y 1no1de
face of the Jdownsream concrete training walls in order to install J
drainage blankxets and {latten the downstream slopes of the dam, '
At the left end of the dam there is a 50 foot long emer-
gency earth spillway with a maximum depth of 1 foot below the
crest of the dam.
The outlet works consist of a gatehouse containing man- }
ually operated intake gate valves at varying elevations, and screen-
ing facilities. A 12-inch pipe through the dam transports water

from the gatehouse to chemical treatment facilities below the dam

where reservoir water is treated prior to entering the distribution
system. A 10-inch low level outlet or blowoff pipe discharges into
the brook below the dam. It is not known how this pipe is connected
to the reservoir or gatehouse. At the present time the outlet is
controlled by a downstream gate.

C. Size Classification - "Small"

According to the Corps of Engineers' Recommended Guide-

lines for Safety Inspection of Dams, a dam is classified as "Small"

in size if the height is between 25 feet and 40 feet or the dam
impounds between 50 Acre-Feet and 1,000 Acre-Feet of water. The
dam has a maximum height of 25 feet and a maximum storage capacity
of 390 Acre-Feet. Therefore, the dam is classified as "Small"

in size.

d. Hazard Classification - "High"

Based upon the Corps of Engineers' Recommended Guidelines

for Safety Inspection of Dams, the hazard classification of the

dam is "High". A dam failure analysis indicates that a failure

‘ o
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of the Plymouth Rescervolr Dam could result in the oo o0 boore thag
a few lives.
The calculated flood wave would overtop North Strecet by

about 9 feet, inundate two houses and the Connecticut wWater Company
i Treatment Facilities immediately below the dam, then continue down
the valley where it would overtop Altair Avenue and Railroad Street
by up to 11 feet and flood five houses on the south side of Rail-
road Street to a depth of 2 to 10 feet. The flood waters would

then overtop a downstream railroad embankment by about 3 {cet and

discharge to the Naugatuck River. The impoundment created by the
railroad embankment would flood several houses to a maximum depth
of 15 feet.

Prior to dam breach the maximum spillway discharge would

overtop North Street, Altair Avenue and Railroad Streect by about
1 foot flooding one house downstream of Railroad Street to an un-

known depth.

e. Ownershig

Former Owner: Thomaston Water Company

Present Owner: Connecticut Water Company
93 West Main Street
Clinton, Connecticut 06413
(203) 669-8636
Kenneth Kells, Supervisor

f.  Operator

William Dunn, Division Manager
Connecticut Water Company
Naugatuck Division

250 Meadow Street

Naugatuck, Connecticut 06770
(203) 729-8241

g. Purpose of Dam

The dam impounds Plymouth Reservoir, a storage reservoir

for public water supply.
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SE1AN g ot raet 1 o ary

The dam was Jdesiancd by Willioam B. Rider, Hydroulic fnaa-
neer, in 1880, and constructed by Frod T. Loy and Company, Contrac-
tors, between 1880 - 1881. In 1910 the dam was raiscd 16 inches
and the embankment strengthened. In 1921 additional work involvang
riprap on the dam was performed. In 1977 repairs were made to
the dam which consisted of placing gabions inside the concrete

spillway walls in order to install downstream drainage blankets

and toe drains, and to flatten the downstream slopes. The repairs

were designed by Metcalf and Eddy, Inc., and constructed by the

Connecticut Water Company.

i. Normal Operating Pgocedures

The upper intake gate is left open and water is drawn

from the reservoir when storage 1is adeguate.
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Pertinent Lata
a. Drainage Arca

T drainage arva consists of 2057 scuarce miles of "rolling™ woodod

hills with scattered residential develorment.

b. Discharge at Damsite

Discharge at the damsite if over the 31.7 foot long overflow «ialliway.
A 1Z-inch suprply main transports water from the rescrvoir to the distribution
svetem, and a 10-inch low level outlet or blowoff discharges downstreoam of thie
dam.

1. Outlet Works (conduits) Size:
Supply Main: 12-inch
Low Level Outlet: 10-inch

Invert Elevation at Gatehouse:
Supply Main: 672+
Low Level Outlet: 672+

Discharge Capacity:
Supply Main: Unknown
Low Level Outlet: 6 cfs

2. faximum Known Flood at Damsite: Unknown, did not overtep in
1938 or 1955
3. Ungated Spillway Capacity
at Top of Dam: 410 cfs
Elevation: 694.5

4. VUngated Spillway Capacity

at Test Flood Elevation: 390 cfs

Elevation: 694.5 (-) 4
5. Gated Spillway Capacity 3

at Normal Pool Elevation: N/A N

Elevation: N/A

6. Gated Spillway Capacity
at Test Flood Elevation: N/A
Elevation: N/A

7. Total Spillway Capacity
at Test Flood Elevation: 390 cfs
Elevation: 694.5 (=)

8. Total Project Discharge i
at Top of Dam: 410 cfs ;
Elevation: 694.5 i

9. Total Project Discharge
at Test Flood Elevation: 390 cfs '
Elevation: 694.5 (-) i




o) Ploevation - oot
1. Streambed at Too of Dam: TV
2. Bottom of Cutcff: GOi LT r
3. Maximum Tailwater: N/A
4. Normal Pool: 6el.0
5. Full Flood Control Pool: N/A ;
6. Spillway Crest: C72.0
7. Design Surcharge - Original Design: 694.5 #
8. Top of Dam: 694.5
9. Test Flood Surcharge: 694.5 (-)

d. Reservoir - Length in Feet |

1. Normal Pool: 3,200 feot
2. Flood Control Pool: N/A |
3. Spillway Crest Pool: 3,200 foot
4. Top of Dam: 3,300 feet
5. Test Flood Pool: 3,300 feet
; e. Storage - Acre-feet

1. Normal Pool: 290 Acrc¢-Fecot E
2. Flood Control Pool: N/A 1
3. Spillway Crest Pool: 290 Acre-Feet -
4. Top of Dam: 390 Acre-Foot 'i
5. Test Flood Pool: 390 Acre-Feet '

f. Reservoir Surface - Acres :
1. Normal Pool: 36.7 Acroes
2. Flood-Control Pool: N/A
3. Spillway Crest: 36.7 Acrcs
4. Test Flood Pool: 40.7 Acres
5. Top of Dam: 40.7 Acres

w:e-ilmm ket ‘v. -




a. Dam
1. Tvpe: Farti, ¥riankment
2. Length: 730 feoet
3. Height: 25 feet
4. Top Width: 15 feot
5. Side Slopes: Uj stream: 3 horizontal to 1 vertical
Downstrcam: Varies 3.25 - 5 horizontal to
1 vertical
6. Zorting: Original embankment of sclected gravel and clay

constructed by puddling. Drainage blanket con-
sisting of 186-inches of concrete sand over orig-
inal emizankinent, with remaining embankment of
tankrun gravel.

7. Impervious Core: Cemented rubble masonry core wall to within 1.5
fret of top of dam. 3 feet wide at top; 5 fect
wide at base.

8. Cutoff: Core wall e¢xtends 5 feet helow original ground.

9., Grout Curtain: ot

10. Other:

h. Diversion and Regulating Tunnel - N/A




i. Spillway

1. Type: Lroad crested overflow welr, Urpeey port 1o
of concrete; lower jortion of stejped stanc
masonry.

2. Llength of Weir: 31.7 feet

3. Crest Elevation
with Flash Boards: N/A )
without Flash Boards: 692.0

4. Gates: N/a

5. Upstream Channel: Stone-lined approach channcel with concrete
training walls.

6. Downstream Channel: Stone-filled mat (gabions) at bLasc of
spillway. Flows into 48-inch culvert that
discharges to natural stream,

7. General:

j. Regulating Outlets

1. Invert: 6722
2. Size: 10-inch
3. Description: Cast iron pipe through dam; outlet eond is

asbestos cement pipe.

4. Control Mechanism: Manually operated downstream gate.

5. Other: 12-inch supply main

- 1 eI RMRNAR art vy




2.1 Design Data

Information on the original design is listed in a report on-
titled "Investigation of Seepage and General Condition of the
Plymouth Reservoir Dam" by Metcalf and Eddy, Inc., August 19, 1975.
See Appendix B, pages B-28 through B-46. The rcport refers to
the Contract Documents for the original dam. Also included in
the report are soil borings and design recommendations for repairs
to the dam. Computations by Metcalf and Eddy, Inc. for flood rout-
ing of a 100-year storm were available and reviewed. Plans and
Specifications entitled "Town of Plymouth, Thomaston Water Company,
Plymouth Reservoir Dam Repairs", Metcalf and Eddy, Inc., 7/21/77,
were available and reviewed. Also available was an inspection
report prepared for the State of Connecticut, Department of Envi-
ronmental Protection, by S. E. Minor and Company, Inc., Civil En-
gineers, July 15, 1974, and plans of the dam and gatehouse prec-
pared by The Henry Souther Engineering Company in 1932,

2.2 Construction Data

Construction data consists of the Plans and Specifications
for the repairs to the dam in 1977, and inspection photos, reports
and notes by the Connecticut Water Company concerning the repairs.

2.3 Operation Data

Lake levels are recorded weekly, and do not necessarily co-
incide with maximum water levels. It was reported that the dam
did not overtop during the hurricane floods of 1938 and 1955.
Monthly inspection reports and records of the piezometer readings

are available from the Connecticut Water Company.




2.4 tvaluation o1 Data

a. Availability

Fxisting data was available from the Connecticut Water

Company and the State of Connecticut, Department of Environmental
Protection.
b. Adeguacy
The information that was available, along with the visual
inspection, past performance history, and hydraulic and hydrologic
calculations were adequate to assess the condition of the dam,
c. validity
Field inspections and surveys revealed that the dam 1is
constructed substantially as indicated by the existing data. The H
length of the spillway weir following the 1977 repairs is 31.7
; feet, as opposed to the 40 foot length used in the flood routing

for the 100-year design storm.
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CTIUN 2
3.1 Fintinas J
a. General i
. . . . . . {
The wvisual inspection of the dam was conducted on April 28,
1981. The inspection team was accompanied by Mr, Kenneth Kells and

Mr. Roland Baillargeon of the Connecticut Water Company. At the tame
of the inspection the water level was sliaghtly below spillwayv level, :

The Plymouth Reservoir Dam consists of an carth cembank-
ment structure with a concrete and stone masonry overilow spillwav
located 200 feet from the right end of the dam and outlet works at
the left end of the spillway, Photos 1 and 2,

The general condition of the dam at the time of inspec-
tion was fair.

b. Dam

The crest of the dam is grass-covered and appecars to be

fairly level for the entire length of the dam, Photo 2. 1In cross

section, the crest appears to be somewhat rounded and tire paths

are evident on the left side of the dam, Photo 3. At the right

end of the dam there is a dug well which supplies water to a down-
stream house. At the time of inspection, the water level in the
well was about 10 inches lower than the reservoir level. The up-
stream slope is protected by a layer of riprap which extends to

a maximum of 1 foot above the waterline, Photos 2 and 3. A portion

of the riprap near the left end of the dam appears to have settled

slightly.
The downstream slope is covered with grass, Photos 1

and 4. A wet area approximately 30 feet long and 8 feet wide,

A anER N




located aboutr 100 reet to tie left of the cnpilbuwey, woer v
on the iownstreanm slope of the dam, Photo 4. Thoe arca wao catu-
rated and contarned numerous animal {footprints approximately 3 - 4
inches Jdeep that were filled with water. There was no noticable
flow of water 1irom this area. Some scepage was ohserved in the
gutter of the road near the left end of the dam, Photo 5. The
area was covered with rust-colored floccules, however, the scop-
age aoppeared clear at the time of inspection. The secpage {lows
into a 24-inch perforated, corrugated metal pipe drain, and dis-
charges into a 48-inch culvert downstream of the spillway. The

flow at the discharge end of the 24-inch drain was approximately
1 gpm.

Plans indicate that sand and aravel drainage blankets
were constructed on the downstream slopes and discharge into E€-inch
ACCMP toe drains which outlet into the spillway discharge channel,
There was no flow discharging from either toe drain at

Photo 6.

the time of inspection, however, the left toe drain was wet. A

15-inch perforated, corrugated metal pipe storm drain at the right

side of the spillway discharge channel was discharging approximately

5 gpm at the time of inspection.

end of the 48-inch culvert under

The total flow at the discharae

the Town road was 15 gpm.

Six piezometers are present on the downstream slope, four to

the left of the spillway and two to the right. Records of past

readings are contained in Appendix B, pages B-55 - B-58.

c. Appurtenant Structures

The appurtenant structures consist of the overflow spill-

the outlet works and an emergency earth spillway.

way,




The overilaw sparllway consista of g conorete Gnit Stone
nasonry structure, rhotos 7 and 8.  The lower portion of the spill-
way 1s constructed of stepped stone masonry with the joints plas-
tered witn mortar. The upper portion and weir are constructed of
concrete. The concrete appears to be in good condition with some
minor spalling of the concrete training walls below the waterline.
The left end of the spillway crest was wet indicating that this end
may be slightly lower in elevation. At the right end of the spill-
way, a puddle on the stone masonry at the base cf the concrete sec-
tion may indicate seepage between the concrete and stone masonry. The
concrete training walls were lined with stone filled gabions when
the downstream slopes were flattened and drainage blankets installed.
A filter fabric is present between the embankment and the gabions.
The gabions appear to be in good condition, Photos 7 and 8, with
no settlement observed behind them, The installation of the gabiocns
reduced the spillway length from 40 feet to 31.7 feet.

Outlet Works

The outlet works consist of a gatehouse located at the
left end of the spillway and a 1l2-inch supply main and 10-inch low
level outlet or blowoff through the dam. The stone masonry of the
gatehouse appears to have been recently mortared and to be in good
condition, Photo 9. The working condition of three manually oper-
ated intake gates is unknown. The low level outlet or blowoff and
the supply main are normally controlled by gates located downstream
of the road near the filter plant. The gatehouse also contains a
screen chamber and compressor for an aeration system, Photo 10.
The low level outlet or blowoff discharges through a 1l0-inch asbestos

cement pipe approximately 200 feet below the dam, Photo 1l1l.
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Lmeraency Spillway

There 1is an earth cmergency spillway at the left end
of the dam, Photo 12. The spillway discharges into the roadway
which runs parallel to the toe of the dam.

d. Reservoir Area

There were no indications of instability along the cdges
of the reservoir in the vicinity of the dam.

e. Downstream Channel

Immediately downstream of the spillway the channel {loor
is lined with a stone-filled mat, Photo 6. Approximately 50 feet
downstream of the dam the spillway channel flows into a 48-inch
reinforced concrete culvert under a Town road and then into a nat-
ural streambed. The natural streambed consists of gravel and
cobbles. There are trees overhanging the stream and the remains
of a small dam are located several hundred feet below the spillway.
3.2 Evaluation

Based on the visual observations, the dam appears to be in
fair condition. The following features could affect the future

integrity of the dam:

1. Seepage downstream of the dam and on the downstream slope
may cause internal erosion leading to piping failure of

* the embankment.

2. The lack of riprap above the waterline and continued
settlement of the existing riprap on the upstrcam slope
may lead to erosion and reduction of crest width.

#' 3. The use of the downstream gates to control flow and the

unknown working condition of the intake gates pcermit

T AR sl




full water pressure 1o exist in the outlet | ER B RTEES

the dam and may not allow for flow to be shut of

event of a leak in the outlet pipes.
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CPRUWATIONAL AND PMLAINLTTNANIE -0 it §

SECTION &

4.1 Operational Procedures

a. General

Plymouth Reservoir is a water storage reservoir which
is used to supplement alternate sources of water supply. Water
is drawn from the reservoir when the storage is adeguate. The
upper intake gate in the gatehouse remains open at all times and
flow is controlled by a downstream gate. The downstream low level
outlet or blowoff gate is operated once a year. The dam is in-
spected on a monthly basis by maintenance personnel and semi-annually
by the owner's Engineering Department. Water levels in the piczo-
meters are read as part of all the inspections.

b. Description of Any Warning System in Effect

A formal warning system 1is being prepared for the dam.
At the present time the dam is monitored during large storms.

4.2 Maintenance Procedures

a. General
The grass on the dam is mowed once a month during the
mowing season,

b. Operating Facilities

The low level outlet or blowoff is opened once a year to
insure its operation. The screens within the gatehouse are cleaned
annually.

4.3 Evaluation

Present Operational and Maintenance Procedures are generally
adequate but need to be improved. 1In addition to the formal warn-
ing system which is currently being prepared, an Operations and

Maintenance Manual should be prepared for the dam.
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5.1 General

The spillway at Plymouth Reservoir Dam consists of a 31.7
foot long broad-crested overflow weir with a stepped downstream
face of mortared stone masonry. The spillway is located about
200 feet from the right end of the dam, The top of the dam is
about 2.5 feet above the spillway level.

Stone filled gabions have been placed inside the downstream
concrete training walls in order to install drainage blankets on
the downstream slopes of the dam. Approximately 50 feet downstream
of the spillway, the spillway channel flows into a 48-inch rein-
forced concrete culvert under a Town road (North Street).

The dam has a maximum height of 25 feet and a storage capacity
of 390 Acre-~Feet with the water level at the top of the dam, A
grass—-covered emergency spillway with a length of 50 feet and a
maximum depth of about 1 foot below the crest of the dam is loca-
ted at the left abutment. The capacity of this spillway was given
as only 5 to 8 cfs, and therefore was not included in the Test
Flood computations. (See pages B-15 and B-16 in Appendix B.)

The tributary watershed area is 0.57 square miles of "rolling"
wooded hills with scattered residential development. The water-
shed elevations range from 950 feet at the north end to 692 feet
at the dam.

5.2 Design Data

The spillway and dam were rebuilt in 1977, as designcd by

Metcalf and Eddy, Inc., of Boston, Massachusetts. The Kennison-

- 18_
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C::lby Rare Flood Method was used to develop the inflow hvaroarapt
for a 100-year design storm, The veak inflow was calculatod to
be 850 cfs with a depth of runoff of 7.09 inches and a wpeak outflow
of 362 cfs. A 40 foot spillway length was used in the computations;
actual spillway length after reconstruction is 31.7 feet. The com- :
putations are shown in Appendix B, pages B-12 through B-27.
5.3 Experience Data é
It was reported that the dam did not overtop during the hur-
ricane floods of 1938 and 1955.
5.4 Test Flood Analysis
Based on the dam failure analysis, the dam is classified as
"High" hazard potential. The dam was classified as "Small" in
size based on a height of 25 feet and a storage capacity of 390
Acre-Feet. According to the Corps of Engineers' Recommended Guide-
lines for Safety Inspection of Dams, the Test Flood for a "Small"
dam with a "High" hazard potential should be in the range of one-
half the Probable Maximum Flood (1/2 PMF) to the Probable Maximum
Flood (PMF).
A Test Flood equal to the 1/2 PMF was selected because of -

the low hydraulic height and small storage capacity of the dam.
The Test Flood was calculated using a peak inflcow for the PMF of
2,125 cubic feet per second per square mile (csm) from the mini-
mum two square mile drainage area shown on the Corps of Engincers'
Guide Curves for "rolling" terrain and the 0.57 sguarc mile water-
shed of Plymouth Reservoir Dam. The peak 1/2 PMF inflow was cal-

culated to be 600 cfs, resulting in a routed outflow of 390 cfs.

The Test Flood was routed through the impoundment in accordance




with the Corps of Enginecers' procecdures for "Estimating the Fifect J
of Surcharge Storage on Probable Maximum Discharges”. The 1mpound- '
ment was assumed to be initially at spillway level. The spillway '

is capable of discharging 410 cfs or 105 percent of Test Flood
routed outflow.

5.5 Dam Failure Analysis

The Corps of Engineers' ' "Rule of Thumb" Guidance for Estimating
Downstream Dam Failure Hydrographs' was used to calculate the peak
outflow due to a dam failure. Failure was assumed with the water
level at the top of the dam. The 16 foot deep by 152 foot long
breach would release up to 16,500 cfs into the stream channel below
the dam.

Because of the minimal storage of the steep, narrow downstream

channel, the flood peak was assumed not to be reduced. Depths of
flow were determined at each section for the dam breach flood wave.
The spillway was assumed to be included in the breach and therefore
the spillway discharge was not added to the breach flow.

The flood wave would overtop North Street by about 9 feet and
would inundate two houses and the Connecticut Water Company Treat-
ment Facilities on North Street immediately below the dam to a
depth of 1 to 5 feet. The depth of flow in the stream channel
would be about 15 feet and would flood five houses on the south
side of Railroad Street to a depth of 2 to 10 feet. The flood

wave would continue down the valley and overtop Altair Avenue and

Railroad Street by up to 11 feet. See Figure 5, page D-20. The

flood waters would overtop a downstream railroad embankment by

about 3 feet and discharge to the Naugatuck River. The impoundment




created by the railroad embankment would flood several hounes to
a maximum depth of 15 feet.

Prior to dam breach, the spillway flow of about 400 cfs would
overtop North Street immediately below the dam by about 1 foot.
After crossing the road the flow would return to the stream where
it would continue down the steep narrow channel at a depth of about
3 feet. The house sills in this area are about 14 feet above the
stream channel. Altair Avenue and Railroad Street would be over-
topped by about 1 foot, causing flooding of one house on the down-
stream side of Railroad Street to an unknown depth. The railroad
embankment would impound water to a depth of about 8 feet without
flooding homes.

The failure of Plymouth Reservoir Dam could result in the

loss of more than a few lives. Therefore, the dam is classified

as "High" hazard potential.




VAL UATION OF LTRucTofal CTat1l 1Ty

SECTION 6

6.1 Visual Observations

The visual observations did not disclose any evidence of pres-
ent or past structural instability. The future integrity of the |
dam could be affected by:

1. Downstream scepage;

2. Lack of riprap above the waterline and the settlement
of existing riprap; and

3. The unknown condition of the intake gates and the down-
stream location of the control valve for the low level
outlet or blowoff.

6.2 Design and Construction Data

Information on the original design and construction procedures
is listed in a report entitled "Investigation of Seepage and General
Condition of the Plymouth Reservcir Dam", by Metcalf and Eddy, Inc.,
August 19, 1975. Design Plans and Specifications for repairs to
the dam in 1977 and flood routing for a 100-year storm were avail-
able and reviewed.

6.3 Post-Construction Changes

Since the original construction of the dam in 1880-1881, the
following changes have been made:
1. The dam was raised 16 inches and the embankment strength-
ened in 1910.

2. Additional work involving riprap was performed in 1921.

-22-




3. In 1977, gabions were placed inside the concrete training
walls to allow for the installation of downstream drainage
blankets and toe drains, and the flattening of the down-
stream slopes.

6.4 Siesmic Stability

The dam is located is Seismic Zone 1 and in accordance with
the recommended Phase I Guidelines, does not warrant seismic stab-

ility analysis.
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ASSESSMENT, RECOMMENDATIOUNS, & REMEDIAL MEASUNTD C
SECTION 7

R

7.1 Dam Assessment y
a. Condition i
On the basis of the visuél inspection, the dam 1is judged
to be in fair condition. The future integrity of the dam could
be affected by:
1l. Downstream seepage;
2. The lack of riprap above the waterline and the settle-
ment of the existing riprap; and
3. The unknown condition of the intake gates and the
downstream location of the control valve for the
low level outlet or blowoff.
An evaluation of the hydraulic and hydrologic features of
the dam determined that the spillway is capable of passing 105
percent of the Test Flood routed outflow.
b. Adequacy of Information
The information available was sufficient for performing g
a Phase I Inspection. >

C. Urgency

The recommendations presented in Sections 7.2 and 7.3
should be carried out by the owner within one year of receipt of
this report.

7.2 Recommendations

The following recommendations should be carried out under

the direction of a qualified, registered engincer:

1. Investigate the significance of the seepage observed




downstrecam of the dam and the wet area on the downstroeam

slope and the inecffectiveness of the drainagc blankets,

Design and construct remedial or monitoring measures,

as required.
2. Investigate the condition
riprap and design repairs
3. Investigate the condition
commend necessary repairs
4. Investigate the low level
an upstream shutoff gate.
The owner should implement all
the engineer.

7.3 Remedial Measures

and adegquacy of the upstream
as reqguired.

of the intake gates and re-
to place them in operation.

outlet or blowoff and design

the recommendations madc by

a. Operation and Maintenance Procedures
1. Fill and reseed tire paths on the dam crest.
2. An Operations and Maintenance Manual should be pre-
pared.
3. The downstrcam warning system should be completed

and put into effect.

7.4 Alternatives

There are no practical alternatives to the above recommen-

dations.
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APPENDIX A

VISUAL CHECK LIST WITH COMMENTS
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FROJECT:: 1 1".':'] vath Reemervooar Loan

Vot
a
.

DaTE: 1. =978 TIME: 01T L L
N A
W.S. ELEVATION: &'1.9 g5, ™%  DN.S
O.10 below spillway
PARTY DISCIPLINE
koaid Haostad, PL.E. - Reald Hacestad, Inc. Civil/Geotechnical
> Fonald G. Litke, I'.E. - Roald Haostad, Inc. Civil/Structural
3 Dornald L. Smith, P.E. - Roald Haoestad, Inc. Civil/#iydrclogic

4  Konneth Kells, P.E. - Connecticut Water Company

Owner's reiyrescentative

5  Roland Baillargeon - Connecticut Water Company

Owner's roevresoentative

6.

INSPECTED
PROJECT FEATURE BY

1, Dum Embankmoent Ril, RGL,DLS

REMARKS
Good; some downst ream Seepn-

and Wt areas.

Intake Structure

Under wator;

2. Outlet Works - & Channel RH,RGL,DLS could not Le obscrved.
Oyerating condition of
3. Outlet Works - Control Tower RH,RGL,DLS gatcs unknown.

Transition

Outlet Workse - and Conduit RH, RGL,DLS

i2-inch and 1t -inch cast

iror jipes throush dam

outlet Structure

5. Outl.t Works - and Channoel RH, RGL,DLS

No structure; wive dischar-
que to stream below dam

Spill. Weir, Appr.
. Outlet Works - g Discharge Chan. RH,RGL,DLS

Good condition




— —— T SR—
U La oo o LIST
PROJECT : Plomouth ke rvolr lian LATE 4 1
PROJECT FEATURE: _DWam Dodoaniie nt NAME ; 1N
DISCIPLINE; Civil Enagincers NAME : K5L,DLS
AREA ELEVATION CONDITIONS
DAM EMBANKMENT
CREST ELEVATION 94,5
CURRENT POOL ELEVATION 031.9
MAXIMUM IMPOUNDMENT TO DATE [Inknown

SURFACE CRACKS

none obscrved

PAVEMENT CONDITION

Crest ig grass-covered;
tire jyaths on crest

MOVEMENT OR SETTLEMENT OF CREST

None obscerved

LATERAL MOVEMENT

None obiserved

Good

VERTICAL ALIGNMENT

HORIZONTAL ALIGNMENT

Good

CONDITION AT ABUTMENT
AND AT CONCRETE STRUCTURES

Good; no scttlement notced

INDICATIONS OF MOVEMENT OF
STRUCTURAL ITEMS ON SLOPES

None observed

TRESPASSING ON SLOPES

Animal footprints in wet arca on
downstream slope

VEGETATION ON SLOPES

Grass-covered; good condition

SLOUGHING OR EROSION OF
SLOPES OR ABUTMENTS

None observed

ROCK SLOPE PROTECTION -
RIPRAP FAILURES

Riprap does not extend much above the

settlement noted near left end.

waterline; 1 foot maximum in some areas;

UNUSUAL MOVEMENT OR
CRACKING AT OR NEAR TOES

None observed

EMBANKMENT OR
DOWNSTREAM SEEPAGE

100' lcft of spillway.

Some scepage in gutter of road near left
end. 30' x 8' wet area on downstream sloje

PIPING OR BOILS

None observed

FOUNDATION DRAINAGE FEATURES

No water discharging from toe drains.

TOE DRAINS

No water discharging from toe drains;
left drain is wet.

INSTRUMENTATION SYSTEM

Six piezometers on downstream slope;

surface.

15 reported; others broken off or below

o b

pveve =g




PRCJECT :

el

PROJECT FEATURE:

outlet Works - Intan. Sy

INAME ¢

DISCIPL INE: Civil Engincers

RGL, DI

{

NAME :

AREA EVALUATED

CONDITIONS

OUTLET WORKS - INTAKE
CHANNEL AND INTAKE STRUCTURE

A. APPROACH CHANNEL:

Under water;
could not beo observed

SLOPE CONDITIONS

BEOTTOM CONDITIDONS

ROCK SLIDES OR FALLS N/A
LOG BOOM N/A -
DEBRIS

CONDITION OF CONCRETE
LINING

DRAINS OR WEEP HOLES

B. INTAKE STRUCTURE:

Under water; could not be observed

CONDITION OF CONCRETE

STOP LLOGS AND SLOTS

N/A




N U R UL LIS
PROJECT: Plom gty kesorvorr Dam I A 8~ __“7;»‘1 o
PROJECT FEATURE: Qutl ot dwaks - Control Tow.er IN & ME
DISCIPLINE: Civil Engine.rs NAME : FGL,DLS
AREA EVALUATED CONDITIONS
OUTLET WORKS - CONTROL TOWER
A. CONCRETE AND STRUCTURAL:
Good

GENERAL CONDITION

CONDITION OF JOINTS

No joints observed

SPALLING

None observed

VISIBLE REINFORCING

None obscrved

RUSTING OR STAINING OF CONCRETE

Rusting of walkway duc to corrosion
of piping.

ANY SEEPAGE OR EFFLORESCENCE

None observed

JOINT ALIGNMENT

No joints observed

UNUSUAL SEEPAGE OR LEAKS
IN GATE CHAMBER

Chamber normally full of water.

CRACKS

None obkscrved

RUSTING OR CORROSION OF STEEL

Nono ol:served

B. MECHANICAL AND ELECTRICAL:

AIR VENTS N/A
FLOAT WELLS N/A
CRANE HOIST N/A
ELEVATO™ N/A
HYDRAULIC SYSTEM N/A

SERVICE GATES

Operating condition unknown

EMERGENCY GATES N/A
LIGHTNING PROTECTION SYSTEM N/A
EMERGENCY POWER SYSTEM N/A

WIRING AND LIGHTING SYSTEM
IN GATE CHAMBER

Good; used for acration system

b




FERICDIC INSPECTION CHECK LIST
PROJECT: Plvmouth Rescrvoir Dam CATE R 1
PROJECT FEATURE: Outlet Works - Transition & Conduilt NAME : ~H
DISCIPLINE: Civil Engincers NAME : KGL,DLS i
AREA EVALUATED CONDITIONS

OUTLET WORKS - TRANSITION AND CONDUIT|conduits consist of 12-inch cast iron
supply main and 10-inch cast iron low
GENERAL CONDITION OF CONCRETE level outlet or blowoff

RUST OR STAINING ON CONCRETE

SPALLING

EROSION OR CAVITATION

CRACKING

ALIGNMENT OF MONOLITHS

ALIGNMENT OF JOINTS

NUMBERING OF MONOLITHS




- “ e s e - ~ . - |
fRCUECT. FPlymouty Fesorvelr Doas oA “ﬁf
) saut 1ot Struscuy

PROJECT FEATURE: ZSULvY Worke = geder Channe.  names 3N
DISCIPLINE: Civil Engineers NAME : 31, DLS - J

AREA EVALUATED CONDITIONS i

! _

OUTLET WORKS - OUTLET STRUCTURE No outlet structure; low level outlet '
AND OUTLET CHANNEL or blowoff pipe discharges to natural

stream below dam.
GENERAL CONDITION OF CONCRETE s

RUST OR STAINING

SPALLING

EROSION OR CAVITATION

VISIBLE REINFORCING

ANY SEEPAGE OR EFFLORESCENCE

CONDITION AT JOINTS

DRAIN HOLES

CHANNEL Natural streambed

LOOSE ROCK OR TREES
OVERHANGING CHANNEL Some trees overhanging channel

CONDITION OF DISCHARGE CHANNEL Fair

|
1
i
'
|
|




1 it d Yo lrar
Sl S . LATE
Pl lw Weeir, Ariroac:
FROJECT FEATURE: Qatict Worrs - & Linscbare. Troanneld NAME FH
CISCIPLINE: Civil bnainewrs NAME : KGL,DLE

AREA EVALUATED

CONDITIDONS

OUTLET WORKS - SPILLWAY WEIR,
APPROACH AND DISCHARGE CHANNELS

A. APPROACH CHANNEL:

GENERAL CONDITION Good

LOOSE ROCK OVERHANGING CHANNEL None

TREES OVERHANGING CHANNEL None

FLOOR OF APPROACH CHANNEL Lincd with stone
B. WEIR AND TRAINING WALLS:

GENERAL CONDITION

OF CONCRETE

Good

RUST OR STAINING

None observed

SPALLING

Some spalling of upstream training
xall below water.

ANY VISIBLE REINFORCING

None observed

ANY SEEPAGE OR EFFLORESCENCE

Possible scepage at ri
¢

ght ond of weir
[botween concrete and ¢t

e Mmasonry.

C

DRAIN HOLES

N/A

C. DISCHARGE CHANNEL:

GENERAL CONDITION

Fair; flows into 48" RCP culvert, then
to natural strcambed

ROCK OVERHANGING CHANNEL

LOOSE Some loose rock on channel slopes.
TREES OVERHANGING CHANNEL Some treces overhanaing channel.
FLOOR OF CHANNEL Gravel and cobbles

OTHER OBSTRUCTIONS

Remains of small dam several hundred

feet downstream.

OTHER:
in good condition.

Ga~ ions placed inside training walls and downstrcam of spillway

i
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LL15T OF REFERENCES

References listed below, as well as considerable adiitional
correspondence and construction photographs, are located at the
Connecticut Water Company, 93 West Main Street, Clinton, Connecti-
cut 06413, and the Department of Environmental Protection, Water
and Related Resources Unit, State Office Building, Hartford, Con-
necticut 06115.

1. Plans and Specifications, Plymouth Reservoir Dam Repairs,
by Metcalf and Eddy, Inc., July 21, 1977.

2. Memo from J. R. McQueen, Thomaston Reservoir Gatehouse,
September 7, 1977.

3. Flood routing computations, Metcalf and Eddy, Inc.,
August 5, 1976.

4. "Investigation of Seepage and General Condition of Ply-
mouth Reservoir Dam", Letter Report to William F., Guillaume
from Metcalf and Eddy, Inc., August 19, 1875,

5. Boring Logs, Associated Boring Company, Inc., Plvmouth
Reservoir, Plymouth Connecticut, June 9 through June 20,
1975.

6. Letter inspection report, Plymouth Reservoir, Plymouth,

Connecticut, S. E. Minor and Company, Inc., to Victor
Galgowski, Superintendent of Dam Maintenance, Water and
Related Resources, July 15, 1974,

7. Stage-Capacity Curve, Thomaston Reservoir, The Henry
Souther Engineering Company, December 1948.

8. Sketches, Dam and Gatehouse, The Henry Souther Engineer
Company, December 6, 1932.
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VISUAL INSPECTION CHECHLIST FOR DANVS

The Connecticut VWeter Company

Dan Name: 2 yazo i PBecevone Ihspection Date: P = Z@; /GR/

Present at Inspection: & FA7LL A’Zé’z_—’ou/ Eﬁé‘fﬁz’ﬂ‘@l E,{/f(c’}]?f/’f/f//

Reservoir Level: S~en £

General condition of slopes or dam facesS: GOl

Lriy evidence of erosion on upstream face? A
On downstream face? A/

Eny unwanted tree growth? 4/0

Any enimal burrows in slopes? A

Any noteble earth movements? /1/0

hry spongy spots or noticeeble seepage? )/ffS - A SouTH OF Allo FRis #/5/ |
s S5 T BErEnk 0 ton/G XE b s AELR SHTACATED T

S EFHE o f LOATEL P

Spilluay Obstructions: A/AL

Tail Race Conditions: (e X2/

Downstream obstructions or undermining of spillway or splash pad: ALINVE

Comments or recommendations:

D FZ0/8  / OBSECVATION LOELlL THAT ARS BELN Bloxcr/ a
AL JS STIAL YPSISLE AT GLOND SURFACE. (K7 ToroF i
E AT RGN T OFFP 7ol TrT . K=,z AcsE i o O, O

@ CHECE COE7 RELER CREELFLLLY A7 AEXT Mon7HLY
SN CHAVEELS o Koo Fo& LyyLoswcE

SIS SZEC TN ASEOTE

Spilluay condition: (€Y SZaar

oF ANY CORTEL J7OVEN =G

Pl

Dictribution: XUWK
c__)~
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Preparcd by: m date %’g/{%

Reviewed by:
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INTER OFFE 7 MEMO — THE CONECTICUT WA™Y '8 COMPANY f

SULnCT et oo apvalr, Gotohiouze HOLM J M.aocKitesle i
BUKRILL 8] SHAW (]
rC TrE: Sept. T, 1977 CIAKCIA 8] STEWART ]
DUNN |8 TARNOWICZ 1] ‘
FOM: J. R. McQueen GUILLAUME Ix (3 ;
KELLS 0 ()
. LAFLAMME a B '

On August 29, 1977 Bill Dunn reported small fish about 1/8" in diameter chowing ‘
up at the Altair Company meler and also at the treated tap at the chlorination
station. Roland reported many small minmows in and around the gatchouse with some ;
downstream of the last screen. Advised chlorination with HTH around gatchouse and
at intake levels to drive fish away and to remove fish in gate house with dip net i
if possible. I examined the screen system the 70th with Bill and Roland. Chlor-
ination scemed to be keeping most of the fish away, but a few were still present

in the gate house. The first two sets of scrcens, one coarse and one fine, were

not down all the way. Reason unknown. The third set, also fine, appeared down
all the way, but the mesh size, approximately 1/6", would still 2llow the small
minnows to go through. Bill didn't want to remove the screens at this time for
fear of not being able Lo get any of the three back into place thus making the
situation worse than it was. I agreed. 1 scheduled a diver for Sunday, Sept.
4, {when we knew there would be a reverse flow from the welf)to do whatever was
required to get the screens back into their full closed positions. Also asked
Bil1l to pick up enough vinyl or fiberglass window screen to cover one set of fine
screens as well. We removed all screens on the Lth, cleaned and installed the
window screen on the third set. The diver inspected the exterior and the interior
of the gate house. The attached sketches are my interpretation of the diver's
observations. In general, the diver (Ron Shvonskl) found the gate house in sound
structural conditlion with only slight detcrioration of the masonry above the water
line. The bottom of the gate house contained a large amount of silt and fine gravel
(0.5 to 1 mm) that prevented the screens from closing. Most of this material was
removed so that all screens could be properly reinstalled. The coarce sét will
not be pulled routinely in the hope it will act as a gravel stop Tor the other two
sets of screens.  The remaining screens will be examined weekly. The minnows should
be large enough in a few weeks so they won't be able to get through even the first
set of screens. This should eliminate the fish problem at lecast for the time Yeing.

Other problems and questlions that still remalin are as follows:

1.) The channel approaching the upper intake is lined with fine sand and
gravels similar to that found inside the gate.house. Entrance velocities are

apparcently great enough to sweep this material Into the structure and accumulate

B-10




on the bottom. This counditicy cur e capected to continue.

2.) The Tower intake with conterline spproxinalely 70 feet below spilluey
is completely plusyed with ¢t aid pravel.  The valve position is wnknown.,  The
center intake approxi-ately 19 foct below cpilluny 18 a crack open.  The upper in-
trke spproximately 9 feet below rpillusy 1o wiic open, This valve 1s Yelioved to
have been last opersted by Won M, wt the time the Conpany wes purchased.  A11
valves are belicved to be 8" IS hub tyre gotes with operaling 1ods extended Lhrouh
the floor and wheels a«ttached. I'm afrieid to coperiate wny of them.

3.) There 1s a singie 8" cutlet pipe Tocated spproxinately 20 feet below
spillway. The diver confirmed a reverse tlow hore at a tline when we knew well witer
was reaching the chlorination ctution.  Therefore, this plpe must be the cetlive
intake to the system.

4.) There are known to be Lwo pipes «t the toe of the dam slope -~ one Yeding
to the system and one to the brook. low the bLirook pipe 1s conncceled Lo the soueovolr
or the gatehouse is unknown.

I'd like to discuss these problems and quéstions and how they might relate

to the present dam reconstruction as well as future treatment plant thinking with

you soon.

JRM/be
att.
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August 5, 1976
J-4177

Mr. William F. Guillaume

Vice President - Operations
The Connecticut Water Company
93 West Main Street

Clinton, Connecticut 06413

Dear Mr. Guillaume:

Enclosed please find copies of our calculations for a
flood-routing through Plymouth Reservoir in Thomaston, Connecticut,
as requested in your telephone conversation with Mr. Moody and
your letter of July 23, 1976,

The Kennison~-Colby Rare Flood method was used to construct
the inflow hydrograph for the design storm. The Rare Flood would
have a probable frequency of greater than 100 years. The flood
routing was done graphically with a two hour interval used for
each incremental calculation.

The modified principal spillway and emergency spillway were
found to be just capable of passing flood without the dam being
overtopped. However, according to our graphical solution, there
would be zero freeboard, at the end of the peak two hour interval.
An integral solution by computer might result in a small (say
0.1 ft) freeboard during the peak period of the flood. The re-
servoir was assumed to be at full capacity at the start of the
flood. All outflow was assumed to be discharged over the spillways,
and none through the 12-inch outlet pipe. Use of the latter would
result in some factor of safety.

If you have any questions, please do not hesitate to call.
Very truly yours,

METCALF & EDDY, INC.

.”/,r

JJP/dc Projecf /fManager

-~
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Metcalf & Eddy, Inc. [Engineers & Planners
Statier Buslding Boston, Massachusetts 02116 (617423 5600 TWX 210 321-6365 Cabe 416 TEDD EOSTON

Augcust 19, 1975

J-4177 !

Mr., William ¥, Guillaunme
Vice President, Operations
The Thomaston Water Company
General Offices

West Main Street

Clinton, Connecticut 06413

Dear Mr. Guillaume:

An investigation of the seepage and general condition of
the Plymouth Reservoir Dam, Plymouth, Connecticut has been
conpleted and our findings and recommendaztions presented herein.
This worx was undertaken in accordance with our proposal dated
May 15, 1975 and your Purchase Order No. 3722G dated lay 20,
1975, in response to the request by the State of Connecticut
Departrent of Environmental Protection dated September 3, 197k,

History

The Thomaston Dam was designed by William B. Rider,
hydraulic engineer, in 1880. Review of the appropriate sections
of the contract documents provided the following information on
the original dam:

! 1. The embankment was to be 15 feet wide at the top
with a slope of two to one on both sides,

2. Through the entire length of the embankment a
, cemented wall of rubble masonry was to be
i constructed.

T

New York Palo Alte Chicago




Mr, William Guillaunme ’

F.
August 19, 1975

3. The ground surface bencath the wall and the enmhbank-
ment was to be thoroughly clecaned of all muck,
porous materials or other deleterious substances.
(Note: a later sketch indicated the boitom of the
core wall was set 5 feet below grade.)

4y, The spillway was to be constructed of shirgled
masonry laid up dry in the form of steps, with
each layer of stone covered at least threc-fourths
of its length by the layer above.

5. The spillway wing walls were to be 5-foot thick
bonded masonry extending across the entire dam
section.

6. The embankment was to be constructed by placing
puddle (soil wet of optimum moisture content) of
selected gravel (maximum size 2 inches) and clay
in horizontal layers not exceeding 6 inches in
thickness, FEach layer was to set until firm
and stiff before being harrowed and watered prior
to the application of the next layer.

7. The entire surface of the embankment of the upstream
slope was to be paved with rip-rap of at least
12 inches in thickness.

The dam was apparently constructed during 186€0 and 1881,
A check of the final quantities against the design configuration
was made and indicates close agreement.

In 1910 the dam was raised 16 inches and the embankment
strengthened. In 1921 additional work involving rip-rap on the
dam was performed. It is not known what work was actually
performed on the dam under these two contracts.

Investigation

To investigate the condition within the present structure,
a program of soil sampling and installation of piezometers was
undertaken. The field work was performed by Associated Boring
Company, Inc. of Naugatuck, Connecticut under contract to the
Thomaston Water Company and inspected by geologist A. Scott
Nagle of Metcalf & Eddy.

4 i R e



Mr. William F, Guillaune 3
Aucust 19, 1975 l

The subsurface investigation included 10 borings across :
the dam cross-section approximately 50 feet south of the spillway,

and one boring 20 feet north of the spillway Just downstream of

the axis of the dam. Each boring was sampled at the ground

surface and at 5 foot intervals. At a predetermined depth, the .
hole was terminated and a piezometer installed to establish the '
piezometric heads at specific locations within the dam. After
evaluation of the soil boring results and plezometer data, six
additional shallow piezometers were installed in hand auger holes '
to determine the phreatic surface beneath the surface of the

downstream slope of the embankment.

Figure 1 shows a plan of the dam and the location of the
various borings. The boring logs prepared by Associated BRoring
Company are attached at the end of this letter and give the ;
drillers' description of the soil encountered. '

Laboratory tests were run on several samples. The results
are presented in the following table:

Atte merg limits Natural Unified soil

Sample Liqu.d Plastic water classification

Boring Sample Depth limit index content group symbol

W-4 3 10-11 1/2 43.7 7.4 37 ML

W-4 5 20-21 1/2 28.5 2.6 22.3 ML

W-5 4y 15-16 1/2 nonplastic - ML

W-7 2 5-6 1/2 39 9.4 - ML -
In general, the embankment material is classified as brown -

to dark brown inorganic silt and very fine sands with slight
plasticity and traces of medium to coarse sand and fine gravel.
The underlying materilal is a residual soil, or rock decomposing
in place which becomes more rock-like in structure and strength
with increasing depth.

The blow counts within the embankment are very low, at
about two blows per foot but range down to one blow per foot
indicating the material to be very loose or very soft. A slightly
plastic silt of this type would normally be expected to have a
drained angle of internal friction of about 26 degrees plus a
cohesive strength of several hundred pounds per square foot., In
an undrained condition, the angle of internal friction would be
decreased, possibly to the order of 5 to 10 degrces with the
cohesion remaining unchanged. The dry unit weight should be
about 80 pounds per cubic foot and the saturated unit weight
about 112 pounds per cubic foot,
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August 19, 1975

Figure 2 is a section through the dam showing the soil
condition and blow counts encountered. The configuration of the
dam slopes was determined by actual measurcments extending
about 85 feet on either side of the dam center line. Note that
the downstream slope plots about 2-1/4 to 1 while the upstream
slope plots about 3 to 1. It is suspected that during either
the 1910 or 1921 work on the dam the upstream face was flattened
to its present slope.

Flow Analysis

The piezometers were read after completion and at periodic
intervals thereafter to assure that an equilibrium condition had
been reached. Using data taken July 1, 1975, equipotential 1lines
have been superimposed on the dam section and are presented in
Figure 3.

Readings indicate only a 2.7 foot drop in head between
piezometer W-1 and W-3 indicating a virtually unimpeded flow
through the core wall. The spacing of the equipotential lines
indicates some variability of the embankment permeability --
being least permeable in the embankment half just downstream of
the core wall, and becoming more permeable in the embankment
half near the toe.

Based on the head differential of about 2 feet bectlween
the piezometers at mid slope and the toe, a distance of about
16 feet, an exit gradient of 0.13 is calculated. For a silty
soil flow out through the embankment slope could be sufficient
to dislodge soil particles and permit deterioration of the dam,

Summarizing, the core wall is leaking and permitting
seepage to exit on the downstream slope of the dam, a condition
that can cause erosion of the embankment.

Stability Analysis

An analysis was performed to determine the stability of
the embankment against rotational shear failure. It was concluded
that any attempt to obtain undisturbed soil samples for triaxial
shear testing in the laboratory to determine soil strengths
would be prohibitively expensive, if indeed possible. Loose fine
soils and silts are very difficult to sample, transport and test
without causing some disturbance to the soil structure, thus
destroying the properties to be tested.
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o

Therefore, analyses were run to determine the factor of
safety using several assumed soil properties and the result
compared with the probable soil strengths. ‘

Initially the stabllity was investigated by varying the

angle of internal friction and then by adding cohesion. Based

. on these analyses, it 1s felt that the dam with a full reservoir

i has a safety factor of about 1.4 against a deep rotational

! failure of the downstream slope using an angle of interval _
friction of 26 degrees and a cohesion of 100 pounds per squarc 5
foot. Lowering the rcservoirs appears to improve the safety ‘
factor by 0.1 for each 2 feet of drawdown.

Because of the very loose condition of the embankment
soil, there is a concern of what would happen should any vibra-
tion, such as resulting from an earthquake, local blasting or
similar event, occur. Typically, a loose s0il will tend to
densify when vibration occurs thus causing liquifaction, a
temporary loss of intergranular friction and corresponding
increase in pore water pressure. In an undrained condition
using an angle of internal friction of 10 degrees and a cohesion
of 100 pounds per sguare foot, the downstream embankment of the
dam has a safety factor of less than 1.

Summarizing, the condition of the dam embanknent under
static conditions using assumed soil values 1s satisfactory.
However, vibratory disturbance could result in failure of the
downstream embankment.

Recommendations

It is necessary to intercept and eliminate seepage from
the downstream toe of the dam and to improve the strength of the
downstream slope to reduce the possibility of failure from dynamic
forces.

To accomplish both goals it is recommended that a new p
toe drain be installed; the outer 3 feet of the existing ‘
embankment be removed; the top downstream of the core wall be
excavated to elevation 94, and that the removed material be
replaced with compacted granular material and a new slope of
3 horizontal to 1 vertical be constructed. To permit the slope
flattening, gabions should be placed parallel to the road where
the new slope will extend beyond the property line.




Mr. William F. Guillaunc s
August 19, 1975

The toe drain should consist of a 6-inch diameter perforztc !
pipe with filter envelopes of 3/4-inch course aggregate and :
concrete sand to prevent any migration of the protected soil.
The invert of the toe drain should extend about 1 foot below
the overburden soil into the denser decomposed rock or residuzl
soil. The gabions should be founded directly on the deccmposed
rock and have a backward rake of 1 horizontal to 6 vertical. :
Figure 4 shows a typical section for the slope with the gabions 1
and without.

By installing the underdraln and gabion, starting at the
spillway, in short sections and completing back to original grzde
prior to any slope excavation, it is our opinlon that the work S
can be performed with the reservoir lowered about 8 inches by ‘
removing the concrete cap along the spillway crest. Prior to
excavating embankment material, a period of time -~ say secverzl
weeks - should be allowed to permit drainage and lowering of the
phreatic surface. This can be field checked with well points
pushed into the embankment.

A1l work performed on the dam should be performed under
the immediate close supervision of a qualified engincer. It is
necessary that the work be watched closely for evidence of
excessive leakage, piping, slumping, sliding, etc., and that prorp
action be taken to stop the condition should it develcp. It is
recommended that several loads of pervious material be stockpiled
adjacent to the work area at all times to cover or push over a
guestionable condition should it occur.

The new filters and underdrains will effectively lower
the phreatic surface and lesson the chance for liquification to
occur under vibration loadings. 1In addition, the new granular
£il1l will increase the effective stress between soil particles
thus providing greater strength, and at the same time, becausc c¢f
the flatter slope, reduce the shearing stresses, -

Should you have questions concerning our findings or ‘
recommendations, or if you wish to discuss any aspect further, g
please do not hesitate to call.

Very truly yours,

METCALF & EDDY, INC.
7»/ i
\/f/»/l;JL /L//(.*\
. Toi%)
Vice Presiden

George
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S. E. MINOR & CO,, INc.
CIVIL ENGINEERS

181 MASON BTREET
GREENWICH, CONNECTICUT 06830 : !

July 15, 1974

State of Connecticut
Department of Environmental Protection )

State Office Building '
Hartford, Comnecticut 06115

Attention: Mr. Victor F. Galgowski )
Superintendent of Dam Maintenance

Water and Related Resources

Re: Plymouth Reservoir
Plymouth, Connecticut

Dear Mr. Galgowski:

In accordance with your request, we have examined the subject dam in order
to ascertain its structural soundness and stability. Prior to our visit
to the site, we went to the Town Hall offices and attempted to obtain any
structural drawings of the subject installation. We were advised that no
plans were on file and that the Town Officials had no knowledge whatsoecver
of the construction of the dam.

Upon our visit to the site, we found the Plymouth Reservoir dam to be an

earth dam with a total length of approximately 700 feet. There is a concrete
spillway with concrete cheek walls and stone steps, which have a total drop

of approximately 25 feet. The earth section of the dam is approximately

20 feet wide on the top and has an earth slope on the wet side of approximately
one foot on five feet., The earth slope on the face of the dam is approxinately
one foot on three feet.

During our visit to the site, we took several photographs and have numbered
the reverse side of same for reference in this report.

The concrete spillway has a rectangular weir approximately 10 feet long with
a wooden 2" by 6" set in the molded slots, as shown in Photos No. 3 and 4.
There is approximately 2 1/2 feet of freeboard. There was no evidence what-
soever of any overtopping or danger thereof. The concrete spillway togcther
with the cheek walls appear in very good condition and neced. little maintenance
at present. The only recommended maintenance would be to rechink somc of (7; [7
the stone steps, as evidenced in Photo No. 5. 1In additioﬂjm?ﬁz_ﬁﬁgfg;iy end
of the southerly wingwall is leaning forward from the construction joint
westerly, as evidenced in Photo No. 6. It is my cdonsidered opinion that this
section of the cheek wall should be Efﬁfiffijff{lfﬂﬂfﬁed in an upright position,
T

) ' Al /7L

-7'731’




State of Connvcticut
Page 2
July 15, 1974

It is our considered opinion that the dam at Plymouth Reservoir requires
attention at this time. While we do not feel that structural failure of
the dam is imninent, we do feel that certain symptoms evident at this time
require further investigation. As indicated on the plan accompanying this
report, there are several spongy areas between the dam and the Ncrth Strect
pavement. These spongy areas exist both to the north and south of the
spillway. 1In addition to this, there is water coming through the pavement
as indicated on the sketch and running into the open ditch adjacent to the
pavement. There are several ways available for curing these def1c1enc1eq,
however, further investigation must take place in order to ascertain

which remedy would be most economical. In the event that valves and p1p1ng
are available to lower the level of the rescrvoir, it would be most
advantageous to take corrective steps on the back of the dam rather than

on the face. Additional investigation would reveal if this possibility
exists. : . ;

We hereby recommend that the owner of the dam authorize an investigation
in the very mear future in order that the preventive maintenance can be-
completed prior to additional deterioration and possible future failure. ”

c | ™

Respectfully submitted,

S. E. MINOR & CO., INC,

f%(“f«/% &/“/7(& SRR /

Edward F. Ahneman, Jr.
Chief Engineer
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APPENDIX C ¢

PHOTOGRAPHS f
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PHOTO NO. 1

DAM FROM RIGAHT ABUTMENT. NOTE wELL
AT RIGHT END OF CREST AND STONE FILLED
GABIGONS AT DOWNSTREAM TOE AND SPILLWAY.

L

<4

PHOTO NO. 2

CREST AND UPSTREAM SLOPE FROM RIGHT ABUTMENT.
NOTE LACK OF RIPRAP ABOVE WATER LEVEL.

U S ARMY ENGINEER DIV NEW ENGLAND PLYMOUTH_ RLEHEVOTE DAV
Acg:»s. o::;:;g:s:;ﬁ NATIONAL PROGRAM OF TRIB. T NAUGATUCH 1V,
WALTHA - -
! PLYM TH, CONNECTICUT
INSPECTION OF __PLYMOU , CrrIcur
ROALD HAESTAD,INC. CT 00086
CONSULTING ENGINEERS NON-FED. DAMS T oA ArRIL Ter i
WATERBURY, CONNECTICUT o « Ak .




PHOTO NO. 2

URPSTRE AM S AND CREST.,

NOTE LACK (O RIPRAR Ab-ovED

WATERLINE AND TIRE FATHS
ON CREST.

™M
r

-
UrP
F

PHOTO NO. 4

WET AREA
ON DOWNSTREAM
SLOPE.
U S ARMY ENGINEER DIV NEW ENGLAND _PLYMOUTH RESERVOIR DAM
| oo NATIONAL PROGRAM OF [TRIB. T0 NAUGATUCK Riv.
' PLYM .
INSPECTION OF LYMOUTH, CONNECTICUT
ROALD MAESTAD, INC. CT 00286
CONSULTING ENGIN'EERS NON-FED DAMS 58 APRIL . _.ﬁl—,_ -
WATERBURY, CONNECTICUT 28 APRIL 81 B

Cc-3




PHOTO NO. 5

SEEPAGE AT EDGE OF
ROAD NEAR LEFT END OF DAM.
FLOW AT DOWNSTREAM END OF
PIPE APPROXIMATELY 1 GPM,

PH0TO NO. 6

STONE GABIONS AND
STUNE MAT AT END
OF SPILLWAY DIS-

CHARGE CHANNEL . NOTE
48" CULVERT UNDER

ROAD, 8" ACCMP QUT-
LETS FOR TOE DRAIN AT
LEFT AND RIGHT, AND
15" CMP DRAIN AT
* RIGHT. FLOW IN 15"CMP
DRAIN APPROXIMATELY

5 GPM.
U S ARMY ENGINEER DIV NEW ENGLAND PLYMOUTH RESERVOIR DAM.
W eeee 7 | NATIONAL PROGRAM OF | TRIN. 70 NAUGATUCK R1v.
* PLYMOUTH, CONNECTICUT

INSPECTION OF _ ~ T Susae— ~ o —

ROALD HAESTAD, INC. C 00 6
CONSULTING ENGINEERS NON-FED. DAMS T oaPRIL ‘el .
WATERBURY, CONNECTICUT . -8 A : .
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GABIONS

LEFT SPILLWAY TRATNING
NOTE REDUZTICK %
LENGTH DUE TO LOCATION OF

SPILLwAY B
DOWNETREAN, 0771
STONE Mo n
LD LT RET e
wE IR,

PHOTD ND. B

wALL .
SEILLWwAY

INSIDE OF CONCRETE

TRAINING WALLS.

US ARMY ENGINEER DIV NEW ENGLAND
CORPS OF ENGINEERS
WALTHAM, MASSACHUSETTS

NATIONAL PROGRAM OF
INSPECTION OF

FLYMOUTH RESERVOTR DaM

TRIB. TO NAUGATUCK RIV.

_PLYMOUTH, CONNECTICUT
CT 00286

ROALD HAESTAD, INC.
CONSULTING ENGINEERS NON'FED DAMS 3
28 APRIL 81
WATERBURY, CONNECTICUT e L e
CcC~-5




PHOTC NOC. 170

INSIDE OF GATE-lusfb. NOTE
TCREEN CaANEDE, e SR

. . RS [

GATE CPERATORS AND COMPRLOOOR
FOR ALRATION SYSTEM,.

U S ARMY ENGINEER DIV NEW ENGLAND
CORPS OF ENGINEERS

NATIONAL PROGRAM OF | TRIR. TO HAUGATL (K WI1v.
WALTHAM, MASSACHUSETTS INSPECTION OF TPLYMOUTH, CUNNECTIcuTl

PLYMOUTH RESERVOTL Dam

ROALD HAESTAD, INC. CT CO,R6
CONSULTING ENGINEERS NON‘FED DAMS Ll

WATERBURY, CONNECTICUT 28 AFRIL 'R)

L




EMERGENCY
NOTE

ST LwAY AT L
MATHOL

BORT T

U S ARMY ENGINEER DIV NEW ENGLAND

CORPS DF FNGINEERS
WALTHAM, MASSATHUSETTS

ROALD HAESTAD,INC.
LTINTLLUTING ENGINEERS
WATERAHT, CONNECTICUT

NATIONAL PROGRAM OF
INSPECTION OF
NON-FED. DAMS

PUYMOIUTH RE LRV T

A

5.T0 NAUGATUCR =1y,
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APPENDIX D

HYDROLDGIC AND HYDRAULIC COMPUTATIONS
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